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P’

What Is RMF Current Drive?

¢ Apply arotating magnetic field to along plasma
column to drive current in the g-direction.

¢ Electronsaretied totherotating 4+ ¢+ ¢ ¢t ¢

magnetic field lines, but the . /7§\ .
ions are unaffected. 4[ > Ex*

¢ Thisdrives an azimuthal o \\/ VR
el ectron current. T |
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Vacuum RMF (Real Colls)
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RMF Penetration (Real Coll




Objective o

¢ Develop MHD model (including Hall term)

— Improve physics understanding
» RMF field penetration
» Poloidal flux build-up
» Sustainment

¢ Develop numerical support for RPPL experiments
— Compare model predictions with experiment

— Tune model by comparison with experiment (What are
the required knob settings to get agreement?)
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Equations Pre
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Transport e
¢ Resistivity

— Either classical, or a specified constant (usually isotropic)
¢ Viscosity (artificial)

2
- P=- "Ru, m= W.SCOD—r
Mn 2Dt
¢ Therma Conduction (phenomenol ogical)
« = T nDr *
o (9-7) Dt
¢ Radiation

- R=10"f, n°
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Phenomenological Inclusion of
3D-Effects Pre

¢ Tostudy FRC sustainment, two axial effects must be
Included:
1. Average b condition: <b> =1 - ¥x 2

2. Equalization of temperature and density (pressure) between inner
and outer field lines.

\—

—

—\
¢ Assume long square-ended model.
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Phenomenological Inclusion of

3D-Effects Ppe’
_ nh a&xb,>-<b>0
N, =—¢ s
n dp,e <b> g
—+N-nu=n, +n
Tt ho= L @lo- T, 0
| . "o 4T +T,)
T:...+(g-1)ﬁ(nb+n") N
nu:"—z_o"\u

|CC 2000 February 22-25, 2000



Numerical Modéel

¢ Numericaly, employ finite difference mesh in the
r-direction, spectral in the g-direction.

¢ Semi-implicit advance of vector potential and
velocity.

¢ Current version of codeislimitedton £ 1
azimuthal modes.

¢ Typically use 100 grid points and Dt = .25x10, for
2,000,000 time-steps (for .5 msec calculation).
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Numerical Model Pee

¢ All variables are spectrally decomposed in the
g-direction.
&N
Q@)=Q +¢ & Q em'+cc—
é =1 " ¢
¢ Temporal differencing is performed with a
semi-implicit predictor-corrector algorithmd?.

ID.C. Barnes, et d. “Flexible, Semi-Implicit Algorithms For Bounded, Multi-Dimensional
MHD Calculations’ Los Alamos Internal Report LA-UR-90-3573
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' »
Predictor - Corrector e
Predictor:
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Predictor - Corrector Ppo’

Corrector:
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Semi-implicit Coefficients  Ze<
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The numerical parametersn,, n,, and n,, are chosen
greater than 1, for numerical stability.
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FRC Sustainment P’

¢ Initialize with an FRC profile, turn on RMF, and
calculate evolution of profiles, trapped flux, etc.

¢ Parameters comparable to STX experiment were
chosen. (T_.=20 eV, h = const (13 eV electrons).
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FRC Sustainment (Temporal
Evolution) e
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FRC Sustainment (Equilibrium __

Profile) Pre
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FRC Sustainment
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Flux Build-up Phase Pre

t=15 nsec, ncyc=60,000
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Flux Build-up Phase Pre

t=25 nrsec, ncyc=100,000
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Flux Build-up Phase

t=37.5 nsec, ncyc=150,000
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Flux Build-up Phase Pre

t=50 nrsec, ncyc=200,000
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Flux Build-up Phase

t=75 nrsec, ncyc=300,000
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Flux Build-up Phase Pre

t=100 nsec, ncyc=400,000
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Flux Build-up Phase
(Transverse Field Lines)




Internal B, Probe Measurements- <
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Flux Build-up
(Transverse Field Lines)




| nternal Bq Probe Measurements-<"
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Conclusions P’

¢ 2D (r-q) RMF code has provided new insights into
the physics of RMF current drive.

— Penetration
— RMF Field expulsion
— Mechanisms of sustaining an equilibrium
¢ Code has already proven itself to be a useful tool to
assist in the interpretation of experimental data.
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